Introduction
The research papers concerning heat conduction in structural elements in machines and devices are based on the classical Fourier's law. They might be generally classified e.g. in terms of the shape of the medium where the heat conduction is considered. Most research papers describe heat conduction in axial-symmetrical elements: rods, cylinders, plates of finite or infinite length or thickness [1] [2] [3] . There are as well studies which include discussions concerning heat conduction in relation to thermo-elastic deformations in different types of mechatronic devices [4] [5] [6] [7] . The classical theory of heat conduction is based on the Fourier law, which might be recorded in the following form: denotes change in temperature, and  is the thermal conductivity. In combination with the law of conservation of energy is expressed locally by:
where  is density and Cp is the specific heat capacity at constant pressure. Another aspect of the research papers which has gained in popularity over the last thirty years is differential and integral calculus conducted on derivatives of fractional order [8] [9] [10] [11] [12] [13] [14] [15] [16] . The differential calculus (and integral calculus) of fractional order is a natural extension of the following concepts: integral and differential included in traditional differential and integral calculus. The interest of a large number of scientists is caused by numerous observations which demonstrate that a lot of phenomena might be explained in a more detailed way and modelled using the above mentioned differential calculus of fractional order [17] . The most crucial examples include the application of the differential calculus of fractional order to build controllers, such as PI
, model the processes of heating and heat conduction, thermo-elasticity, thermal shock [18, 19] , complex nonlinear systems, super capacitors, electrical systems, electrical filters, phenomena of dielectric relaxation, phenomena of diffusion and viscoelastic phenomena. The time fractional heat conduction equation might be recorded in the following form:
where
The Caputo fractional derivative is expressed with the dependency:
2 The boundary and initial conditions for heat conduction
In order to solve the equation describing the temperature distribution in the hollow cylinder, it is necessary to introduce initial and boundary conditions. On the surface of the hollow cylinder, the initial conditions were applied which were presented graphically in Fig. 1 . It was assumed that the cylindrical surface on the inner radius i r and the top surface of the cyliner are completely isolated from the surrounding which takes the general form:
For the cylinder surface (on the outer radius o r ) which has a direct contact with the surrounding medium, the heat is transferred via convection, which was recorded as: 
where f  is the heat transfer coefficient. It was assumed that the lower surface of the hollow cylinder is exposed to heat flux expressed with the dependency: 
Analytical solution
By adopting a cylindrical coordinate system consistent with the geometry of the physical model in question, the equation (3) might be recorded in the following form:
It was adopted that 
The reverse integral transform takes the following form:
where:
The equation (8) takes then the following form:
Fourier finite cosine transform is defined as follows:
The reverse transform is described by:
By applying Fourier finite cosine transform to particular elements of the equation (14) with regard to the dependency: 
The following was achieved:
The dependence (8) describes the time-fractional heat conduction equation, for which the following initial conditions were adopted.
as well as the boundary conditions for the area of the ring cross-section.
The left side in the equation (8) is the Caputo frictional derivative. Using the Laplace transform rule in the general form:
the equation (8) took the following form:
By applying subsequent algebraic transformations, the following was achieved:
After using the reverse Laplace transform, the dependence (24) takes the following form:
is Mittag-Leffler type function defined by the series [20, 21] :
After applying two subsequent integral transforms, the equation describing the temperature distribution in the hollow cylinder takes its final form: 
RESULTS AND DISCUSSION
The parameters characterising the material used for the hollow cylinder are presented in the table below.
Table 1. Properties of the Carbon Steels material
The characteristic dimensions of the hollow cylinder as well as the reference operating parameters were summarized in Table 2 . In this part of this paper, the results of the simulation studies concerning the influence of geometric and operating parameters on the temperature distribution in the ring were collected. (28)).shows the process of heating the studied element with heat flux. The maximum temperature value is located on the radius r , i.e. in the place with the highest density of the heat flux. When 1   and when t   , then the temperature  tends to achieve steady state temperature. Such a state in the physical model in question takes place after approximately 50 (s). Fig. 5f in the form of "chaotic" temperature changes in the ring crosssection. It should be emphasized that the mathematical analysis using the differential equation of fractional order is useful to construct more detailed mathematical models describing the physical phenomena.
